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Description 

The present invention relates to a method of friction 
welding for joining of (metal) members and more partic- 
ularly to so-called friction stir welding based on a rela- s 
tive rubbing movement between a probe of harder 
material and members to be joined. The present inven- 
tion also is directed to an improved tool to be applied in 
the friction welding process. 

Friction welding based on the principle of "rubbing" 10 
of articles to be joined together so as to generate a suf- 
ficient amount of heat, thus generating plasticised con- 
ditions in the adjacent surfaces, has been known and 
practised for several decades. The frictional heat is gen- 
erated solely by the two to be joined components. How- 75 
ever, the resulting weld seams suffer from a number of 
disadvantages inherent in the applied processes. The 
main drawback which considerably limits the applicabil- 
ity of friction welding is that at least one of the compo- 
nents to be welded has to be axis-symmetric. 20 
Consequently, such process is not applicable for e.g. 
structural applications requesting provision of longitudi- 
nal continuous welds. 

The improved version of this welding, so-called fric- 
tion stir welding, is known from WO93/10935. A probe 25 
(third body) of a harder material than the treated work- 
pieces is applied in the welding process. Friction stir 
welding is based on a relative cyclic movement between 
the probe and the workpieces, urging the probe and 
workpieces together to create a plasticised region in the 30 
workpiece region due to generated frictional heat stop- 
ping the relative cyclic movement and allowing the plas- 
ticised material to solidify. Thus no heat is generated 
due to a relative motion between the workpieces to be 
joined. The method is illustrated by several examples of 35 
different workpiece materials (plastics, metals), applica- 
tions (reparation of cracks, sealing, joining) and embod- 
iments of the applied probe. 

Neither the above disclosed method and apparatus, 
when applied for joining of extruded shapes into struc- 40 
tures for critical applications, can meet the request for 
high integrity welds free from voids and proper metallur- 
gical bonding of structural parts, nor a demand for pro- 
vision of welds in a lap configuration. 

In order to achieve a proper consolidation of the 45 
weld metal the probe bottom part (shoulder) must main- 
tain during the whole welding operation (forward move- 
ment) in an intimate contact with surface of the joined 
members. If the probe shoulder during this forward 
movement even temporarily lifts" from the surface a so 
small amount of plasticised welding material will be 
expelled behind the probe thus causing occurrence of 
voids in the weld since there is no available material to 
fiD the vacant space after the expelled material. 

Furthermore there is another limitation connected ss 
to use of "smooth" welding probe known from the prior 
art. namely low welding speeds are required in order to 
achieve a sufficient frictional heating of the material 



(contact time between the probe and the joined mem- 
bers), and to ensure a sufficient flow of the plasticised 
welcfing material. 

It is therefore an object of the present invention to 
provide an improved method of friction stir welding, 
ensuring high integrity welds free from voids and exhib- 
iting a smooth quality surface. 

A further object of the invention is to improve the 
present known friction stir butt welding method to pro- 
vide also lap welds and three or more components joint 
configuration. 

Another object of the present invention is to provide 
a new type of probe ensuring uniform homogenized 
weld seams exhibiting reduced heat affected zone. 

The above and other objects are achieved in 
accordance with the present invention by provision of a 
method for friction stir welding and an apparatus (probe) 
as defined in the accompanying claims 1 and 7, respec- 
tively. 

Other objects, specific features and advantages of 
the present invention will be apparent from the following 
detailed descriptions of prefened embodiments with ref- 
erence to the accompanying drawings, Figs. 1 -5, where: 

Fig. 1 is a schematic perspective view of the 

welding apparatus/process employable 
in the present invention. 

Fig. 2 illustrates in an enlarged cross-sectional 

(partial) view the configuration of the two 
components probe, 

Fig. 3 shows schematically principal features of 

the novel friction stir welding, 

Fig. 4 shows graphically the optimal relation 

between welding and rotational speed 
and applied pressure on the probe, and 

Figs. 5a-e are fragmentary, schematic perspective 
views of different types of the provided 
weld seams. 

Referring to the drawings, particularly to Fig. 1, a 
non-consumable probe 1 comprising a rotational cylin- 
drical body 2 having an upper part 22 being connected 
to a power source, e.g. an engine (not shown in the 
drawing), and a bottom part 23 provided with a separate 
pin 24, is applied for joining (welding) of two butt to butt 
arranged members (metal plates) 3 and 4. By insertion 
of the probe 1 between the members 3,4 under pres- 
sure and rotation in order to provide adequate frictional 
heating a butt seam weld 5 is subsequently provided 
during a transitional movement along the butt arranged 
members. 

The special inventive configuration of the compos- 
ite two parts probe 1, the bottom part 23 (shoulder) of 
the probe and outer shape (configuration) of the applied 
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pin 24 according to the present invention is mor appar- 
ent from Rg. 2. where th bolt m part 23 of the rota- 
tional cylindrical body 2 exhibits a concave surface, 
while the pin's 24 outer surface is provided with alter- 
nately protruding and recessed parts along its longitudi- 
nal axis. 

Even rf a conventional screw thread on the outer pin 
surface is applicable and will improve the weld quality, in 
a preferred embodiment of the probe pin the surface 
configuration, as illustrated in the Figure, comprises 
advantageously two or more separate blades 25 verti- 
cally disposed and laterally protruding from the central 
portion of the pin. 

Microstructure of welding seams provided by this 
novel type of the pin exhibits sound joints composed of 
interlocked plasticised segments of the joined members 
with minimal material turbulence. 

The composite design of the appfied probe 1 com- 
prising a separate probe pin compared to the monolithic 
design of the previously known probes presents several 
advantages. Firstly, the tool (probe) is capable of adjust- 
ment of the depth of pin insertion, thus offering a proc- 
ess flexibility. Secondly, the pin portion can be easily 
interchanged between different tool units (shoul- 
der/holder) and thus adapted for welding of members 
having various wall thickness. 

The innovative features of the new tool and 
improved process of friction stir welding will be readily 
understood from the schematical sketch of the probe 
and welding performance as illustrated in Fig. 3. where 
W denominates the thickness of the welded members, 
co welding speed, R radius of curvature of the concave 
probe shoulder, F downward force (pressure) applied on 
the probe. r s probe shoulder radius, and t represents 
"undercut" of the shoulder into the welded material. 

The concave bottom surface 23 of the probe 1 
exhibiting slight inclination in relation normal to the 
welding surfaces combined with the above described 
screw configuration of the pin 24 (not shown in the Fig- 
ure) ensures that the plasticised material is driven both 
vertically and laterally in a weld zone, thereby trans- 
forming metal between different levels across the weld 
profile. The concave shape of the probe shoulder pro- 
vides a certain non-symmetric compression on the sur- 
face of the members resulting in vertical flow/transition 
of material. This in co-operation with horizontal move- 
ment of material due to the pin's outer configuration 
results in high quality void free seams. 

Fig. 4 illustrates schematically an optimum relation 
between a downward pressure 



in N/mm 2 applied on the probe and the actual welding 
speed o (mm/mi n) at different rotational speeds ensur- 



ing a sound void free weld having a smooth surface. 
The actual values of optimal pressure/welding speed 
are dependent on several factors, e.g. applied material 
of the joined members (AJ -alloys), shoulder geometry 
5 ■ etc. 

Several welding trials conducted with probes of dif- 
ferent diameters show that reduction of the probe shoul- 
der's diameter related to the actual wall thickness of the 
joined members has a beneficial effect on the quality of 

w the provided joints/seams besides possibility of increas- 
ing the welcfing speed. 

Thus, reduction of the probe shoulder's diameter 
from 20 mm to 15 mm and further to 10 mm applied for 
joining of 3 mm thick flat extrusions of alloy 6082.50 

75 allowed an increase of the welcfing speed from 0.3 
m/min to 0.8 m/min achieving high quality porefree 
welds exhibiting reduced HAZ (heat affected zone). This 
is a combined result of decreased heat input and its 
focusing towards the vicinity of the formed seam allow- 

20 ing for increase of the welding speed and . reduced 
downward force applied on the probe resulting in distor- 
tion free welded structures. 

A simple formula defining an optimal relation 
between the radius of the probe shoulder (r s ) and the 

25 wall thickness of the welded members W will be: 



5^r *™ 
2*2 



The material of the probe is harder than the work- 
pieces/members to be joined. Typically for application 
on aluminum (alloy) members the material should 
exhtoit a good strength at elevated temperatures, e.g. 
35 hot work steel, high speed steel or cermet material can 
be applied. 

Figs. 5a-e cfisplay schematically in fragmentary per- 
spective views different types of welds provided by the 
method and probe according to the present invention, 

40 where Rg. 5a shows a conventional butt weld, Rg. 5b 
shows a T-section connection between two members, 
Rg. 5c is an overlap weld seam, Fig. 5d shows another 
variant of T-section composed of three members, and 
finally Rg. 5e illustrates provision of a corner weld 

45 between two members arranged in a normal plane to 
each other. 

Thus application of the new and improved tool 
design according to the present invention allows for 
increased welding speeds while ensuring sufficient gen- 

50 e ration of frictionaJ heat This effect is achieved due to 
an extended contact/heating time per volume unit of the 
welcfing material and closer localization of the gener- 
ated heat along the welding line. Further more substan- 
tial forging forces (pressure) are applied on the material 

55 when leaving the welding probe. Optimal combination of 
the above effects results in high quality welds both with 
regard to the metallurgical and mechanical properties 
due to a homogenized weld exhibiting no porosity 
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through the who! weld cross-section. 
Claims 

1. A method of friction stir welding of members (3. 4), 
particularly for joining of extruded assembled 
shapes, comprising steps of urging and securing 
the assembled members (3. 4) towards each other, 
entering the assembled members along the joining 
line by a probe (1) of material harder than the mate- 
rial of joined members (3, 4) under rotating move- 
ment which generates a friction aJ heat, thereby 
creating a plasticised region in the adjacent mem- 
bers' material, characterized in that 

the method further comprises a homogeniza- 
tion of the resulting weld seam ensured by an 
enhanced flow of plasticised materia] both per- 
pendicularly and vertically to the longitudinal 
extension of the adjacent assembled members 
(3, 4) by exposing the created plasticised mate- 
rial to a perpendicular pressure along the sur- 
face of the members (3. 4) and causing 
simultaneous material flow along the probe pin 
in the vertical direction allowing the plasticised 
material to solidify behind the probe. 

2. Method according to claim 1 , 
characterized in that 

the probe bottom part (23) engages the adja- 
cent surfaces of the members to be joined 
under a slight inclination from normal to weld- 
ing surfaces. 

3. Method according to claim 1 or 2, 
characterized in that 

the probe pin's (24) outer configuration 
ensures a vertical and lateral flow of the plasti- 
cised material across a weld zone. 

4. Method according to any of the preceding claims, 
characterized in that 

two or more members are welded providing a 
T-type welding joint 

5. Method according to any of claims 1 -3. 
characterized in that 

the provided welded seam is a lap welding 
joint. 

6. Method according to any of claims 1 -3, 
characterized in that 

the provided weld seam is a comer weld con- 



necting two members arranged substantially at 
any angle to each other. 

7. A non-consumable probe (1) for stir friction welding 
5 of members (3, 4) comprising a rotational, substan- 
tially cylindrical body (2). having an upper part (22) 
connected to a power source and a bottom part 
(23) provided with a pin (24), 

characterized in that 

10 

the bottom part (23) of the probe has a concave 
face and the attached pin (24) is an inter- 
changeable part of the probe exhibiting a 
threaded surface configuration. 

75 

8. Probe according to claim 7, 
characterized in that 

the pin is provided with at least a pair of verti- 
go cally disposed blades laterally protruding from 
the pin's central portion. 

Patents nsp rue he 

25 1. Verfahren zur oszillierenden ReibungsschweiBung 
von Bauteilen (3, 4), insbesondere zum Verbinden 
extrodierter zusammengesetzter Form en, bei dem 
die zusammengesetzten Bauteile (3, 4) zusam- 
mengedruckt und aneinander befestigt werden, in 

30 die zusammengesetzten Bauteile langs der Verbin- 
dungslinie ein Stempel (1) aus einem harteren 
Material als das der zu verbindenden Telle (3, 4) 
urrter drehender Bewegung, die Reibungswarme 
erzeugt, eingefuhrt und dadurch ein plastifizierter 

35 Bereich im Material der benachbarten Bauteile 
erzeugt wird, dadurch gekennzeichnet. daB das 
Verfahren ferner umfaBt: eine Homogenisierung 
der sich ergebenden SchweiBnaht irrfolge eines 
verbesserten Flusses des plastifizierten Materials 

40 sowohl senkrecht als auch vertikaJ zur Langser- 
streckung der benachbarten zusammengesetzten 
Bauteile (3, 4). indem das erzeugte pJastifizierte 
Material einem senkrecht en Druck langs der Ober- 
flache der Bauteile (3, 4) ausgesetzt und gleichzei- 

45 tig ein MateriaffluB langs eines Stempel -Stifts in 
vertikaler Richtung bewirkt wird. der eine verfesti- 
gung des plastifizierten Materials Nnter dem Stem- 
pel ermoglicht. 

so 2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der untere Teil (23) des Stempels mit 
den benachbarten Oberflachen der zu verbinden- 
den Bauteile urrter einer leichten Neigung aus der 
Normalen zu ScrrwaBoberflachen zur Anlage 

55 gebracht wird. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch 
gekennzeichnet, daB die auBere Korrfigu ration des 
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Stempel-Stifts (24) einen vertikaJen und sertiichen 
RuB des pJastifizierten Materials uber eine 
Schwei Ozone gewahrleistet 

4. Verfahren nach einem der vorstehenden AnsprO- 
che. dadurch gekennzeichnet daB zwei oder mehr 
Bauteile durch Ausbildung einer T-artigen Schwei 6- 
vefbindung verschwei Bt werden. 

5. Verfahren nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet daB die ausgebildete 
Schwei Bnaht eine Gberlappungs- Schwei Sverbin- 
dung ist 

6. Verfahren nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet daB die ausgebildete 
Schwei Bnaht eine Eck-Schwei Bung ist. die zwei im 
wesentlichen unter einem Winkel zueinander ange- 
ordnete BauteSe verbindei. 

7. Unverbrauchbarer Stempel (1) zur oszillierenden 
ReibschweiBung von Bauteilen (3. 4), mit einem 
drehbaren, im wesentlichen zylindrischen Korper 
(2), der einen mit einer Kraftquelle verbundenen 
oberen Teil (22) und einen mit einem Strft (24) ver- 
sehenen unteren Teil (23) aufweist dadurch 
gekennzeichnet daB der untere Teil (23) des Stem- 
pels eine konkave Stirnflache hat und der daran 
angebrachte Strft (24) ein auswechseibares Teil des 

St em pels mit einer Oberflache in Form eines io 
Gewindes ist 



8. Stempel nach Anspruch 7, dadurch gekenn- 
zeichnet. daB der Stift mit wenigstens zwei vertikaJ 
angeordneten Platten versehen ist die sertlich vom 
mittieren Teil des Stiffs abstehen. 

Revendications 

1. Precede de soudage par agitation et friction d'ele- 
ments (3. 4). particulierement pour rassemblage de 
formes compos ees extrudees. comprenant les eta- 
pes consist ant a pousser et a fixer les elements 
assembles (3, 4) Tun vers lautre, a faire penetrer 
les elements assembles le long de la ligne de joint 
par une sonde (1) realisee a partir d'un materiau 
plus dur que le materiau des elements assembles 
(3. 4), par un mouvement de rotation qui produit de 
la chaJeur par frottement creant de ce fait une zone 
plastique dans le materiau des elements adjacents. 
caracterise en ce que 

le procede comprend de plus une homogenei- 
sation du cordon de soudure resultant garantie 
par un ecoulement plus important de matiere 
rendue plastique a la fois perpendiculairement 
.. et verticalement par rapport a letendue longi- 
tudinal e des elements assembles adjacents (3. 



4). en exposant la matiere rendue plastique 
creee a une pressi n perpendiculaire le long 
de la surface des elements (3, 4) et en provo- 
quant un ecoulement de matiere simultane le 
s long de I'ergot de sonde dans la direction verti- 

cale. permettant a la matiere rendue plastique 
de se solidifier derriere la sonde. 

2. Procede de soudage selon la revendication 1 , 
10 caracterise en ce que 

la parti e inferieure (23) de la sonde est en con- 
tact avec les surfaces adjacentes des elements 
a assembler avec une legere inclinaison par 
is rapport a la normale aux surfaces de soudage. 

3. Procede selon la revendication 1 ou 2, 
caracterise en ce que 

20 la conformation exterieure de I'ergot (24) de 

sonde assure un ecoulement vertical et lateral 
de la matiere rendue plastique a travers une 
zone de soudure. 

25 4. Procede selon I'une quelconque des revendications 
precedentes, 

caracterise en ce que 



deux ou plusieurs elements sont soudes en 
produisant un joint de soudage du type en T. 

Procede selon Tune quelconque des revendications 
1 a 3. 

caracterise en ce que 

le cordon soude produit est un joint de soudage 
a recouvrement 



6. Procede selon Tune quelconque des revendications 
40 1a 3. 

caracterise en ce que 

le cordon de soudure produit est une soudure 
dangle reliant deux elements disposes sensi- 
45 blement a un angle quelconque Tun par rapport 

a lautre. 

7. Sonde non consommabfe (1 ) pour soudage par agi- 
tation et frottement d'elements (3. 4) comprenant 

so un corps sensiblement cylindrique (2). mobile en 
rotation, ayant une parte superieure (22) reliee a 
une source d'energie et une parti e inferieure (23) 
pourvue d'un ergot (24). 

caracterisee en ce que 

55 

la partie inferieure (23) de la sonde a une face 
concave et I'ergot (24) qui y est fixe est une 
partie interchangeabl de la sonde presentant 
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une conformation a surface f iletee. 

Sonde selon la revendication 7, 
caracterisee en ce que 

5 

rergol est pourvu d'au moins deux tamelles 
disposees vertical ement fatsant saillie laterals 
ment de la partie centrale de l ergot. 

10 



15 



20 



25 



40 



45 



50 



55 



EP0 752 926 B1 




23 

Fig. 2 
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